Tohoku J. Exp. Med., 2009, 217 (1) , 73-85. © 2009 Tohoku University Medical Press Each year almost 11 million children in developing countries die before they reach their fifth birthday (Ahmad et al. 2000) . The World Health Organization (WHO) and the United Nations Children's Fund (UNICEF) developed the Integrated Management of Childhood Illnesses (IMCI) strategy, which seeks to address major child health problems through three strategic components -improved casemanagement, improved health systems support, and improved family and community practices. During the 1990's, the strategy was introduced in the majority of countries with moderate to high levels of child mortality. Evaluative studies on the IMCI implementations in several countries highlighted that its expected effect had been curtailed due to weak implementation of the community com-ponent (Armstrong Schellenberg et al. 2004a; Armstrong Schellenberg et al. 2004b; El Arifeen et al. 2004; Bryce et al. 2005) . To strengthen communitybased efforts, this component has been expressly emphasized as the community-IMCI (C-IMCI) since the early 2000's.
In Zambia, the Ministry of Health adopted the IMCI strategy in 1996 to improve child health and development. In 1997, with a particular focus on children under the age of five in low-income areas in Lusaka, the Ministry embarked upon the Primary Health Care (PHC) Project in collaboration with the Japan International Cooperation Agency (JICA). A packaged community-based intervention named the Growth Monitoring Programme Plus (GMP+) was designed as a practical method for delivering essential health services at the community level through the participation of trained volunteers and the requisite minimum conduct of qualified health workers. The services provided included growth monitoring and nutrition counseling, immunization, micronutrient supplementation, family planning, and health education.
Delay in care-seeking by caregivers contributes to the large number of child deaths in developing countries (Reyes et al. 1997; Terra de Souza et al. 2000; Amarasiri de Silva et al. 2001; Källander et al. 2008) . Factors such as pluralistic care-seeking practices (mixing various sources of health care including home remedies and traditional healers), and the inability to recognize potentially life-threatening conditions were found to be associated with the delay (D'Souza 2003; Williams and Jones 2004) . Uncomplicated illnesses can be managed at home, but severe illnesses should be treated by appropriate health providers without delay. A WHO estimation indicated that appropriate and timely careseeking by families could reduce child deaths due to acute respiratory infections (ARI) by 20% (WHO 1991) . Therefore, as an important GMP+ activity, we encouraged appropriate and timely care-seeking for severely sick children through educating caregivers about danger signs which indicate the need to immediately seek care from an appropriate health provider.
This study analysed cross-sectional data derived from three repeated surveys conducted in the intervention areas, and compared attendance and non-attendance groups to assess the impacts of the community-based intervention of GMP+ on mothers' care-seeking for sick children with the danger signs.
MATERIALS AND METHODS

Targeting areas
Zambia is an inland country south of the Sahara in Africa, with a total population of 10.3 million, 1.4 million of whom live in the capital, Lusaka (Central Statistical Office Zambia 2003) . The targeting areas of intervention were Chawama, Chipata, George, Kanyama, Ngombe, and Mtendere, six of the twenty-seven health centre catchment areas in Lusaka, and were under the management and control of the Lusaka District Health Management Team (LDHMT). In these areas, low-income population lived under poor hygienic conditions with inadequate social infrastructure. Malaria, ARI (non-pneumonia), and diarrhoea (non-bloody) accounted for the top three childhood illnesses with incident rates in 2002 at 760.6, 561.8, and 533.0, respectively (cases/1000) (LDHMT 2003) . These illnesses remained the major causes of child mortality.
Intervention
In accordance with the IMCI guidelines, five physiological and behavioural symptoms were determined as the danger signs that indicate the need to seek care immediately from an appropriate health provider (WHO and UNICEF 1997) . These danger signs included looking weak or sleepy, refusing breastfeeding or drinking, vomiting, convulsion, and abnormal breathing.
Teaching and counselling about the danger signs started in September 2003 through the services of GMP+ in the community at a designated place in each zone of the health centre catchment area. These services included health education and nutrition counselling. Community health volunteers underwent a six-week training programme formulated by the Ministry of Health, which covered basic health issues in the families and communities. They were trained to conduct health education including skills for teaching caregivers about the danger signs and counselling them on the need to seek appropriate care immediately when these signs occurred. Health centre staff reviewed their performance and updated their knowledge at monthly refresher workshops to assure the quality of their services.
To assist in health education and maintain consistency in the knowledge of the volunteers, an educational video was developed with motion pictures and narrations using local terminologies and settings. Caregivers were guided in their care-seeking through an explanation of the five danger signs and simple ways to identify them by showing actual cases, a question and answer exercise regarding the danger signs, and an enlightening drama demonstrating good and bad care-seeking behaviours, including traditional beliefs and stigma prevailing in the local communities. Its total runtime was 24 minutes and 30 seconds. The video was played at the GMP+ sites to provide frequent learning opportunities and direct exposure to the educational messages for caregivers to acquire full comprehension of the danger signs.
Data Collection
This analysis used data from the baseline, the mid-term, and the final survey conducted in the six targeting areas in February 2003 , September 2004 , and September 2006 , respectively. The 2002 LDHMT Health Management Information System (HMIS) unpublished records indicated a similar occurrence of major childhood illnesses such as respiratory infections and malaria between February and September. The source population was caregivers with a child under the age of five, from which 500 samples per catchment area, different groups of individuals in each survey, were selected for interview by a systematic sampling procedure. Surveyors, blinded to the purpose of the analysis, conducted semi-structured interviews using a questionnaire designed by the project after revision through formal pre-tests. Health centre staff trained in survey methods supervised the entire course of the survey.
The interview asked for details about caregivers' socio-demographic information, and knowledge and practices relating to child health issues. Records on the Children's Clinic Card (CCC) including weighing measurements, immunization dates, and the GMP+ attendance were copied. The caregiver was asked questions regarding care-seeking for one child under the age of five (the youngest, if any), one of the child's illness episodes (the most serious, if any) within two months prior to the interview, the child's perceived symptoms, the source of care sought, and the corresponding response to the symptoms. Immediate response was defined as the act of resorting to a health centre within a day of perceiving the danger signs, and hence considered appropriate and timely care-seeking. For those caregivers whose child did not have an illness episode during the same period, their knowledge about the danger signs, which was not influenced by experience, was assessed by asking how they would know if the child needed immediate appropriate care outside the home. The surveys were administered by LDHMT under authority of the Ministry of Health with technical assistance by JICA. Ethical clearance for the study was secured from the Lusaka District Health Management Board. Verbal informed consent was obtained from all caretakers who participated in the surveys before the interview was conducted.
Subjects of study
Since caregivers interviewed included mothers, grandmothers, sisters, aunts, and relatives, their relationships with the child varied. Attending regular growth monitoring became significantly less frequent for children aged over 36 months. This analysis therefore focused on mothers with a child under the age of 36 months. For those caregivers who happened to be interviewed repeatedly, the data collected in an earlier survey were used.
Attendance status was determined by the following criteria: the mothers who belonged to the attendance group possessed the CCC of the child and had brought the child to GMP+ during the six months prior to the interview, whereas mothers not possessing the child's CCC nor attending GMP+ were considered to be the non-attendance group. To avoid inclusion of false attendance and non-attendance, mothers who had the CCC but did not attend GMP+, and mothers without the CCC whom did attend GMP+ were excluded.
Statistical analysis
Validation and consistency were checked by survey supervisors at the health centres upon collecting completed questionnaires from surveyors, and double-checked during data entry. All of the analyses were carried out using SPSS version 11.5 for Windows.
The impact of intervention was assessed by two outcome measurements: the prevalence of immediate response to the danger signs in mothers who sought care from a health centre after perceiving one or more of the danger signs, and the mean number of the danger signs answered by mothers whose child had no illness episode. The Mantel-Haenszel test was used to observe changes in the prevalence in three surveys. One-way ANOVA was applied to compare the mean numbers derived from three surveys.
To analyse associations between the GMP+ attendance status and each outcome, and between the GMP+ attendance frequency and each outcome, logistic regression model for the former outcome and general liner model for the latter outcome were used for calculating crude and multivariable adjusted odds ratio (OR) and parameter estimates for difference, respectively. In the multivariable models, six potential confounding factors were adjusted, namely child sex (male/ female), child age (0-11, 12-23, 24-35) , household size (2-5, 6-9, ≥ 10), number of children in the household (1-2, 3-4, ≥ 5), mother's age (≤ 19, 20-29, 30-39, ≥ 40) , and mother's educational level (none, grade 1-7 as primary educational level, ≥grade 8 as secondary educational level and above). The attendance frequency was counted for the twelve months period from the birth of the child (0, 1-3, 4-6, 7-9, 10-13).
For factor analysis, logistic regression model was employed to identify factors influencing immediate response. The above six factors were included as explanatory variables, based on the classical model developed by Kroeger (Kroeger 1983) . For the attendance and the non-attendance groups on each survey, crude and multivariable adjusted OR and 95% confidence interval (CI) were calculated, presenting the relationships between the explanatory variables and the outcome. OR greater than one indicates a higher probability of immediate response.
RESULTS
Of 3025, 2999, and 3003 caregivers interviewed in the baseline, the mid-term, and the final survey, respectively, 1716, 1452, and 1546 mothers were eligible in the attendance group and 100, 156, and 211 were in the non-attendance group (Fig. 1 ). In the baseline survey, children in the attendance group were younger than those in the non-attendance group ( p < 0.05), and households in the non-attendance group had more children than those in the attendance group ( p< 0.05) (Table 1 ). In the mid-term survey, a difference in child age remained ( p < 0.05), but in the final, the two groups were similar in characteristics.
In the attendance group in the baseline survey, of the 1616 mothers with child who had an illness episode, 1150 (71.2%) perceived one or more of the danger signs (Fig. 1) , and 1097 (95.4%) of them sought care from a health centre. In the non-attendance group, of the 93 mothers whose child had an illness episode, 65 (69.9%) perceived one or more of the danger signs, and 64 (98.5%) of them sought care from a health centre. In the mid-term and the final surveys, of 1281 and of 1363 in the attendance and of 139 and of 176 in the non-attendance group who had a child with an illness episode, 910 (71.0%) and 1078 (79.1%), and 96 (69.1%) and 127 (72.2%) perceived one or more of the danger signs, respectively. Of them, 891 (97.9%) and 1035 (96.0%) in the attendance (significant increase from the baseline to the mid-term, but decrease in the final survey [ p <0.01]), and 90 (93.8%) and 111 (87.4%) in the non-attendance group (significant decrease from the baseline, the mid-term, to the final survey [ p <0.05]) sought care from a health centre. Between the two groups, significant difference was found in the proportions of mothers who sought care from a health centre after perceiving danger signs in the mid-term (97.9% in the attendance vs. 93.8% in the non-attendance group, p < 0.05) and the final surveys (96.0% vs. 87.4%, p < 0.01), but not in the baseline survey (95.4% vs. 98.5%) ( Fig. 1) .
In the baseline survey, 100 mothers in the attendance and 7 in the non-attendance group had a child without an illness episode during the two months prior to the interview (Fig. 1 ). In the mid-term and the final surveys, these numbers increased to 171 and 183, and to 17 and 35, respectively.
Perceived danger signs reported by mothers in the attendance and the non-attendance groups in the three surveys are shown in Table2. No significant difference between the two groups was observed in the prevalence of immediate response in all signs in the baseline and the midterm surveys. In the final survey, the difference became significant in looking weak or sleepy (46.1% [299/649] in the attendance group and 26.8% [19/71] in the non-attendance group) ( p < 0.01), vomiting (53.6% [232/433] and 16.9% [10/59], respectively) ( p < 0.01) and convulsion (74.5% [105/141] and 37.5% [9/24], respectively) ( p < 0.01). In a comparison between the baseline and the final survey, the prevalence of immediate response significantly increased in all signs in the attendance group ( p < 0.01, except refusing breastfeeding and drinking at p < 0.05), whereas no significant change was observed in the non- a Some community-based growth monitoring by NGOs and facility-based growth monitoring by the health centres were available in the baseline survey, but no educational intervention relating to danger signs was provided. * and ** indicate significantly higher proportions of the attendance mothers who sought care from a health centre after perceiving the danger signs than the non-attendance mothers, with p < 0.05 and p < 0.01, respectively, in Chi-square test.
attendance group, except convulsion, the prevalence of which significantly decreased from 90.0% (9/10) in the baseline survey to 39.1% (9/23) in the final survey ( p < 0.01). 
Measure of outcome
Abbreviations: GMP+, Growth Monitoring Programme Plus; S.D., standard deviation * p < 0.05 a Chi-square test was used for comparison between two groups. b Student's T-test was used for comparison between two groups. c primary level: grade 1 to 7 d secondary level: grade 8 and above group significantly increased from 0.89 ± 0.11 (mean ± standard error) (n = 100) in the baseline, and 1.11 ± 0.08 (n = 171) in the mid-term, to 1.64 ± 0.09 (n = 183) in the final survey (p < 0.01) (Fig. 2) . It decreased slightly in the nonattendance group from 0.86 ± 0.46 (n = 7) to 0.82 ± 0.23 (n = 17), then increased to 1.17 ± 0.13 (n = 35), respectively (not statistically significant).
Measure of association
The OR of immediate response by the attendance mothers over the non-attendance mothers significantly increased from 0.762 (95%CI: 0.457-1.270) in the baseline, 1.459 (0.932-2.285) in the mid-term, to 2.212 (1.460-3.352) ( p < 0.01) in the final survey (p for interaction < 0.05) (Table  3) . Similarly, after adjusting for the potential confounding factors, it significantly increased from 0.754 (0.446-1.275), 1.364 (0.865-2.151), to 2.140 (1.408-3.252) ( p < 0.01), respectively ( p for interaction < 0.01).
The estimated difference of the mean number of the danger signs between the attendance mothers and the nonattendance mothers widened from 0.033 (95%CI: −0.819-0.884) in the baseline, and 0.282 (−0.231-0.795) in the mid-term, to 0.468 (0.047-0.889) ( p < 0.05) in the final survey (Table 3) . Likewise, after adjusting for potential confounding factors, it widened from 0.044 (−0.926-0.837), and 0.217 (−0.302-0.735), to 0.453 (0.031-0.875) ( p < 0.05), respectively. Although the change in the difference in three surveys was not significant, the mean number of the attendance group became significantly higher than the non-attendance group in the final survey.
Both crude and multivariable models for analysing association of the GMP+ attendance frequency with immediate response showed increase in the OR of immediate response by the attendance mothers in the final survey: 0.782 (95%CI: 0.282-2.166) for mothers with 1-3 attendances, 1.411 (0.714-2.790) for mothers with 4-6 attendances, 1.995 (1.242-3.204) ( p < 0.01) for mothers with 7-9 attendances, and 2.429 (1.591-3.709) ( p < 0.01) for mothers with 10-13 attendances in the crude model; and 0.763 (0.274-2.121), 1.424 (0.717-2.830), 1.918 (1.189-3.095) ( p < 0.01), and 2.351 (1.535-3.599) ( p < 0.01), respectively, in the multivariable model (Table 4) . Similarly, multivariable model for analysing association of the GMP+ attendance frequency with the mean number of the answered danger signs indicated increase in the estimated differences between the attendance and non-attendance mothers in the final survey: −0.107 (95% CI: −0.938-0.724) for mothers with 1-3 attendances, 0.439 (−0.345-1.224) for mothers with 4-6 attendances, 0.483 (−0.026-0.992) for mothers with 7-9 attendances, and 0.485 (0.042-0.928) ( p < 0.05) (Table 5 ).
Potential factor analysis
In multivariable models for the attendance and the non-attendance groups, immediate response was found to be associated with a mother's educational level in the atten- Panel A shows the prevalence of immediate response in mothers who sought care from a health centre after perceiving the danger signs. ** indicates significant increase in the prevalence of immediate response in the attendance mothers from the baseline to the final survey with p < 0.01 in the Mantel-Heanszel test. Meanwhile, the prevalence decreases in the non-attendance mothers (n.s. means not significant). Panel B shows the mean number of the danger signs answered by mothers whose child did not have illness episode. Vertical lines indicate the range between ± standard errors of each mean value. ** indicates significant increase in the mean number in the attendance group from the baseline to the final survey with p < 0.01 in the one-way ANOVA, comparing to statistically insignificant increase in the non-attendance group (n.s. means not significant). Abbreviations: 95%CI, 95% confidence interval; GMP+, Growth Monitoring Programme Plus * p < 0.05, ** p < 0.01 a Logistic regression model was used for measuring probability of immediate response by the attendance mothers over the non-attendance mothers. b General liner model was used for comparing the mean number of the danger signs answered between the attendance and the non-attendance mothers. c Adjusted for child sex, child age, household size, number of children in the household, mother's age, and mother's educational level.
d Odds ratio (OR) greater than one indicates a higher probability of immediate response by the attendance mothers than the non-attendance mothers. e Parameter estimates for difference of the mean number of the danger signs answered by the attendance mothers from the non-attendance mothers. Odds ratio (OR) greater than one indicates a higher probability of immediate response. c Adjusted for child sex, child age, household size, number of children in the household, mother's age, and mother's educational level. Parameter estimates for difference of the mean number of the danger signs answered by the attendance mothers with different frequency from the non-attendance mothers.
c Adjusted for child sex, child age, household size, number of children in the household, mother's age, and mother's educational level. 
DISCUSSION
In a longitudinal comparison in the attendance group, more mothers began to immediately seek care from a health centre for a sick child with the danger signs, and to understand more danger signs indicating the need to immediately seek appropriate care outside the home. In a comparison between the attendance and the non-attendance groups, the attendance mothers were more likely to respond immediately to the danger signs, and could understand more danger signs. Furthermore, the attendance mothers' response increased equally among the five danger signs, whereas no significant change was made by the non-attendance mothers. Both longitudinal and group comparisons indicated a significant association between the outcomes and the intervention. These observations lead us to conclude that GMP+ has a significant impact on mothers' care-seeking behaviour and knowledge.
As the majority of child deaths under the age of five may occur at home with little or no contact with health providers, appropriate and timely care-seeking is critical for child survival. The IMCI strategy consisted of three major components, namely improving case-management, strengthening health systems support, and improving family and community practices. Implementing these components in a coordinated fashion can have a synergistic effect. However, a multi-country evaluation of IMCI revealed that implementations of community-based activities have remained largely ineffectual, leading to a failure to achieve the intended synergistic impact (Bryce et al. 2005) . The eventual impact of facility-based activities depends on the extent to which improved services from trained health providers are used by families for the care of their sick children. Through the GMP+ intervention, mothers' care-seeking for severely sick children improved. The results of this analysis therefore imply the potential contribution of GMP+ as a practical model for community-based intervention to overcome the shortcomings of the IMCI strategy, or of the C-IMCI strategy.
Diversified services were provided at the GMP+ site with a view to responding to the varied health needs of mothers with children under the age of five. They could attract mothers' attention and awareness, which provided convenient opportunities for mothers to be educated about the danger signs. In being given a health service to meet their needs, the attendance mothers received suitable guidance for their individual circumstances, which could adequately guide them in better care-seeking for severely sick children. This view leads us to believe that the packaged community-based intervention of GMP+ has a synergistic effect on improvements in mothers' care-seeking.
Differences in the outcomes of intervention between the attendance and the non-attendance groups became apparent, and the outcomes became significantly associated with the frequency of attendance in the final survey after three years of intervention. Of the few relevant studies done previously, one study in India indicated that a 6-month intervention following the IMCI guidelines as a facilitybased IMCI resulted in improved knowledge in mothers about appropriate and timely care-seeking, but not in better behaviour (Mohan et al. 2004 ). This result implied that knowledge might increase by short exposure to the intervention, whereas changing behaviours would require a longer period of time. This observation leads us to believe that prolonged and repeated implementation of GMP+ helps the attendance mothers to effectively translate acquired knowledge into better care-seeking behaviour.
Mothers' educational level became significantly associated with their immediate response in the attendance group only in multivariable model of the final survey. This significant association disappeared when child sex and household size were removed from the model (the results not shown), suggesting that confounding effects of these factors had prevented the association from being statistically significant in the crude model (primary educational level: p = 0.067; secondary educational level and above: p = 0.051). Many cross-sectional analyses also identified the higher educational status of mothers as a contributing factor to their better care-seeking behaviours (Cleland and van Ginneken 1988; Hobcraft 1993 ). Our repeated cross-sectional analysis highlighted the contribution of formal education to the improvement of care-seeking behaviour in response to the educational intervention. In contrast, the analysis showed that no formal education was likely to reduce the effectiveness of the intervention. This finding provides evidence that sustained education for girls can have a positive impact on the health of their future children, which should be the policy backbone of a long-term development strategy in both the education and health sectors.
Various methods were used in GMP+ to educate mothers about the danger signs, such as health talk as a topic of health education, playing an educational video, and one-toone communication in nutrition counselling. This multifaceted approach might have helped the attendance mothers with both primary and secondary educational level improve their care-seeking behaviour, whereas those mothers without formal education did not improve their behaviour during the study period. This finding therefore has an important strategic implication that the methods and materials need to be further improved with a view to targeting less educated mothers.
A child's sex has been found to affect mothers' careseeking behaviour in some studies (Pillai et al. 2003; Bhan et al. 2005; Taffa and Chepngeno 2005) . However, our analysis indicated that mother's response to the danger signs was not significantly influenced by the sex of her child in the attendance and non-attendance groups throughout the study period. The results of the analysis may indicate that significant gender disparity in mothers' care-seeking for severely sick children does not exist in the study areas and that the GMP+ intervention did not adversely affect the gender equality.
The presence of one or more danger sign perceived by mothers seemed quite high in our study. Over-diagnosis by mothers was conceivable, but it would contribute to early treatment which can prevent a minor illness from progressing into a life-threatening condition. Additionally, the high prevalence of HIV among the productive population in Zambia may influence mothers' perception and care-seeking, making them more sensitive. Nevertheless, the GMP+ intervention resulted in mothers' timely utilisation of health centres while maintaining health centre utilisation.
The rates of mothers who sought care from a health centre after perceiving danger signs decreased in the final survey in the attendance and the non-attendance groups. These decreases might be associated with the services at health centres affected by shrinkage in the LDHMT budget in 2006. Comparing two groups, the attendance group's rate remained over 95.0%, which was significantly higher than the non-attendance group. The prevalence of immediate response in the attendance mothers who sought care from a health centre significantly increased, whereas it decreased in the non-attendance group. Therefore, these observations lead us to believe that although conditions at health centres influenced mothers' decision to choose source of health care, the GMP+ intervention had a positive effect on mothers' immediate care-seeking.
The number of the non-attendance mothers increased from the baseline to the final survey. The GMP+ intervention was implemented in urban low-income areas, where population mobility was quite high. The 2005 drought in Zambia, and political and economic turmoil in neighbouring countries might have increased the population influx to these areas. Therefore, we assume that migrated mothers from the outside of the intervention areas accounted for the increase in the non-attendance mothers in the mid-term and the final surveys. This issue warrants further research.
Child deaths can be reduced by mothers' appropriate and timely care-seeking (Reyes et al. 1997; Terra de Souza et al. 2000; Amarasiri de Silva et al. 2001; Källander et al. 2008 ), but we did not evaluate whether improved care-seeking by mothers influenced child mortality. Child survival after resorting to health centres resulted from several factors such as the availability of essential drugs, the case management ability of health workers, and the availability of transportation to refer fatal cases to a higher health institution if an emergency arises. Furthermore, since the prevalence of HIV is quite high in Zambia, children are also at high risk.
We suggest that in all cases, taking severely sick children to an appropriate health facility without delay be by far the first important step toward child survival.
This study has some limitations. Comparing attendance and non-attendance groups within the intervention areas may involve self-selection bias. Comparison group was required to overcome this limitation. There was also the possibility of recall bias since interviews based on memory posed issues of reliability and validity. However, as memories of illness episodes in severe cases can persist longer and the period of retrospection was within two months, the recall bias may be minimized. This study analysed the data obtained from interview only. Common results from different data sources may corroborate the conclusion, but comparable data could not be obtained from the HMIS records. The sample size of the non-attendance group was less than the attendance group in the three surveys. The ratio seemed plausible since one fifth of the deliveries in Lusaka take place at home assisted by an unqualified person (Central Statistical Office Zambia 2003) , and some of these mothers would probably remain reluctant to use modern health services.
In conclusion, our study provides evidence that the packaged community-based intervention of GMP+ has a positive impact on improvements in mothers' appropriate and timely care-seeking for severely sick children, which will arguably contribute to a reduction of delays in careseeking. Achieving the Millennium Development Goal 4 of a reduction in child mortality by two-thirds by 2015 is an urgent global issue. Therefore, we would like to emphasize the important implication that the potential of GMP+ to contribute to reaching the goal deserves to receive considerable attention, but further studies are needed to determine applicability of GMP+ in other areas for global use.
